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Section 1
INTRODUCTION
At the request of the Governments of Canada and the United States,
the International Joint CommisSion has undertaken an investigation to
determine whether it would be practicable and in the public interest to
regulate further the levels of the Great Lakes so as to reduce the
extremes of stage which have been experienced in the past and bring
about a more beneficial range of stage for the various water users.
The Commission established the International Great Lakes Levels Board
on December 2,11964 to undertake, through appropriate agencies in
Canada and the United States, the necessary investigations and studies
and to advise the Commission on all matters which it must consider in
reporting on this matter.
In 1965 the Working Committee, which was established by the
Levels Board, appointed a Regulation Subcommittee composed, in part,
of members of the Detroit District, Corps of Engineers and the Inland
Waters Branch, Department of the Environment. The Regulation Subcommittee,
and in particular, these two agencies, were assigned the task of computing
and coordinating the water supply data required for the development of
regulation plans and to derive the basis-of-comparison for these plans.
Preliminary water supplies and comparison data, covering the period January
1900 through December 1964, were issued in April 1967. Subsequently, final
water supplies and the basis—of—comparison data, covering the period January
1900 through June 1973, have been developed and coordinated. This report
provides a description of the methods employed to obtain the final data and
contains tabulations of these data, and the tabulations of the basic data used
in their derivation.
 
   
Section 2
RECORDED DATA
The historic or recorded data from which the required water
supplies and comparison data for the regulation plans have been
developed, were themselves developed, in part, by another international
committee known as the Coordinating Committee on Great Lakes Basic
Hydraulic and Hydrologic Data. This Committee comprises three Canadian
and three U.S. members who represent the federal agencies in each
country having responsibilities for accurate determination of such data.
The Committee develops and coordinates data on water levels, river
flows and on the physical characteristics of the Great Lakes system.
It has coordinated recorded outflow data for Lakes Erie and Ontario
and is at present developing similar data for Lakes Superior,
Michigan—Huron, and St. Clair. Pending completion of this work by the
Coordinating Committee the Working Committee of the International Great
Lakes Levels Board directed the Regulation Subcommittee to develop all
missing data required for development of the water supply and basis of
comparison data.
Because of their larger lake areas, the levels of Lake
Superior and Lakes Michigan—Huron respond to changes in outflow much
more slowly than do the levels of Lakes Erie and Ontario. For this
reason, the lake regulation studies are being conducted on a monthly
basis for Lakes Superior and Michigan-Huron and On a quarter—monthly
basis for Lakes Erie and Ontario. (Monthly data were also used for
Lake St. Clair). Hence, the basic data required were developed and
coordinated using monthly and quarter-monthly periods. In order to
measure the effect of upstream regulation on the lower St. Lawrence
River, data were also developed for Lake St. Louis.
The quarter-monthly periods consist of seven or eight days
sub—divided as shown in the following tabulation:
Dates Included in Quarter-Monthly Periods
Months of Months of
Quarter Month ' 28 or 29 days 30 or 31 days
First 1—7 l—8
Second 8-1A 9-15
Third 15-21 16-23
Fourth 22-28 or 29 24-30 or 31
The recorded data, which are contained in Annex A
and which were employed in the computation of water supplies and the
basis—of—comparison for the period January 1900 through June 1973,
are discussed as follows:
2.1 Beginning of Period Lake Levels
Since the beginning-of-period lake level is theoretically an
instantaneous value and because of daily and even hourly level
fluctuations resulting from unbalance or tilting of the lake surface
caused by winds, differential barometric pressure and seiche effects,
the level selected might be subject to considerable error if only one
gauge on a large lake were used. Therefore, in determining the
beginning—of—period levels, several gauges were selected at points around
the lake to provide a good representation of the lake level. The
beginning-of—period levels were selected and coordinated by
graphically, mathematically or judgementally eliminating the effects
of wind, datum differences and other factors.
For Lake Superior, the water level gauges at Port Arthur,
Duluth, Michipicoten, Marquette, and Pte. Iroquois were used. The
gauges used on Lake Michigan-Huron were located at Milwaukee, Ludington,
Mackinaw City, Harbor Beach, Thessalon, and Goderich.
For Lake St. Clair the Windmill Point gauge was used for the
period 1900—1911, the Isle Aux Peche gauge from 1912 to 1925, the
Tecumseh gauge from 1926-1950, the Grosse Pte. gauge for the period
1951—1967, and the St. Clair Shores gauge for the period 1968-1973.
Relationships between each of these gauges and the Fort Wayne and Port
Lambton river gauges were used to refine the levels when recorded levels
did not appear representative of river and lake level conditions.
Lake Erie beginning—of-period levels were determined from
Cleveland and Port Stanley daily records. The gauges at Toledo and
Buffalo were used as supporting data during unstable lake level
conditions. Lake Ontario beginning-of-period levels are available
on a current basis from the International St. Lawrence River Board
of Control.
2.2 Recorded Outflows
Recorded outflows from Lake Superior via the St. Marys River
as reported by the International Lake Superior Board of Control have
been adopted for use in this study. The St. Clair and Detroit River
flows were derived by the Regulation Subcommittee. They were based on
data provided by the Coordinating Committee on Great Lakes Basic
Hydraulic and Hydrologic Data. Lakes Erie and Ontario outflows were
supplied by the Coordinating Committee. Lake St. Louis outflows were
compiled by the Inland Waters Branch and adopted by the Regulation
Subcommittee.
2.3 Recorded Diversions
The Long Lake diversion was begun in 1939. Water from Long Lake,
which naturally drained into James Bay via the Kenogami and Albany Rivers,
is diverted through a series of small lakes into the Aguasabon River, a
 
 tributary to Lake Superior. The Ogoki divers
ion was begun in 1943. Water
from the Ogoki River, another tributary of
the Albany River, is diverted
into Lake Nipigon and held there until requir
ed by hydro-electric plants
on the Nipigon River which drains into Lake S
uperior. Data on the amount
of water diverted at both Long Lake and Ogoki
are supplied by the
Hydro-Electric Power Commission of Ontario.
The Chicago Sanitary and Ship Canal, betwee
n the Chicago River
and the Des Plaines River, forms part of the Illinois Waterw
ay connecting
Lake Michigan and the Mississippi River. The flow
in this canal is
controlled by a dam and gates at Lockport,
Illinois. Discharge figures
are supplied to the 0.8. Army, Corps of En
gineers by the Chicago Sanitary
District and have been adopted for use in this stu
dy.
The Welland Ship Canal crosses the Niagara
Peninsula from Port
Colborne on Lake Erie to Port Weller on Lake
Ontario. The New York State
Barge Canal System is a series of canals,
a part of which links the
Niagara River above Niagara Falls with Lake
Ontario. Recorded discharges
for both the Welland Canal and the New York Sta
te Barge Canal System
are available in the final Report of the Sp
ecial International Niagara
Board for the period up to 1926, in the Repor
t of the International
Joint Commission on Preservation and Enhan
cement of Niagara Falls (1953)
for 1927—l951, and in the annual report of
the International Niagara
Committee for 1952-1973.
The recorded data is tabulated in Annex A of th
is report.
Section 3
DERIVED DATA
Employing the recorded data listed above, data required for the
lake regulation studies were derived as follows and are tabulated in
Annex B.
3.1 Net Basin Supplies
The Net Basin Supply is a term used to describe the water which
a lake receives from precipitation on both its surface and on its own
land drainage basin less the net effect of evaporation and condensation
on the lake surface. With presently available techniques, some of
these factors cannot be determined accurately; therefore, the net basin
supplies were computed by employing reliable lake level and flow
records for the required monthly and quarter—monthly periods. The
relationship used is as follows:
NBS [SS + O - I
Where:
NBS = Net Basin Supply.
A.S = Change in Storage from beginning to end—of period.
0 = Average outflow from lake through outflow river
and diversions out of the lake.
I = Average inflow to lake from inflow river and
diversions into the lake.
With all terms expressed in units of cubic feet per second for the
period. The sum of the two valuesAAS and 0 represents the Net Total
Supply to the lake.
The values for changes in storage, outflows and inflows are
obtained or determined directly from the mutually adopted recorded
values of lake levels, river flows and diversions listed above.
3.2 Winter and Weed Retardation
The water level of Lake Superior and the outflow through the
St. Marys River are regulated by the International Lake Superior Board
of Control. This physical control is maintained by a dam at the head
of the St. Marys rapids near Sault Ste. Marie. Under present regulation
conditions, the winter effect on the discharges is virtually zero for
all months. Since the recorded adjusted condition for Lake Superior is
considered to be the regulated condition, it was not necessary to consider
winter retardation in the St. Marys River under natural conditions.
Lake St. Clair normally freezes over in the early winter.
Subsequently, heavy runs of Lake Huron ice in the St. Clair River jam
in the channels through the St. Clair Flats and upstream, to the   
 extent that the river flow is materially reduced. Ice jams seld
om occur
in the Detroit River, although the river is frequently froz
en over in
its lower reaches. Winter retardation in the St. Clair River wa
s estimated
by subtracting the coordinated recorded flow from the corresponding
discharge based on the two-gauge open-water stage-discharge rela
tionship
for the Harbor Beach—Grosse Pte. and Harbor Beach—St. Clair Shores reac
h.
Separate relationships were used for each period of channel stability.
Similarly, winter retardation in the Detroit River was calculat
ed as the
difference between the flow calculated from the Grosse Pte. - Cleveland
and
St. Clair Shores - Cleveland relationship and the coordinated re
corded flow.
In order to avoid ice problems in the Niagara River, an ice
boom has been placed across the head of the Niagara River each
winter season
since 1964 by the Power Entities. The presence of this ice boom has
reduced the retardation of Niagara River flow by ice to a very
small amount which can be considered insignificant. Howeve
r, since
the outlet conditions of 1953 were adopted as the basis to
be
used for comparing regulation plans, average winter retard
ation was
assumed for the Niagara River over the period of record. In addi
tion,
a small amount of weed retardation exists in the summer mon
ths. For
these investigations, average monthly values as derived by the Co
ordinating
Committee on Great Lakes Basic Hydraulic and Hydrologic Dat
a in the
Lake Erie Outflow Report dated June 1965 have been used.
Lake Ontario is at present regulated by the Internatio
nal St.
Lawrence River Board of Control. Therefore, direct estimat
es of winter
retardation could be made only for the period prior to comm
encement
of the St. Lawrence project in 1955. For the period 1
900—1955 retardation
values were calculated as the difference between the outflows
resulting
from the open-water Oswego stage—discharge relationship, and the
recorded
outflows. After 1955, the empirical method employed by the
St. Lawrence
River Board of Control was used to estimate winter ret
ardation under
preproject conditions.
Reduction in the winter flow at the outlet of Lake St. L
ouis
was calculated directly as the difference between the discha
rge derived
from the appropriate open-water stage—discharge curves and t
he recorded
discharge.
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Section 4
BASIS FOR COMPARISON
It is self-evident that the recorded data discussed in Section 2
of this report and listed in Annex A incorporate the effects of
changes in the regimen of the lakes and their connecting channels
which occurred over the study period (1900-1973). The principal changes
were man—made and consisted of changes in the amount of diversion into
and out of the Great Lakes basin, alterations in the configuration of
the connecting channels and the erection of control structures at the
outlets of Lakes Superior and Ontario. In addition to these man-made
changes, the movement of the earth's crust in the Great Lakes basin, 3
natural phenomenon, has been progressively changing the tilt of the basin
with a resultant gradual change in the elevation of individual lake outlets
with respect to any given point on each lake. In order to permit
consistent evaluation of the effects of various regulation plans, it
is necessary to develop a set of lake levels and outflows which would
reflect a constant or fixed regimen in the Great Lakes-St. Lawrence River
System over the study period. At a meeting in Detroit on September 12,
1967 the Working Committee agreed on the basic conditions of lake levels
and outflows to be sued as the basis for evaluating regulation plans.
The conditions, together with the reasons for their selection are as follows:
(1) A constant Diversion of 5000 cubic feet per second into
Lake Superior by way of Long Lake and Ogoki Diversions.
This diversion was authorized under the exchange of notes dated October
14 and 31 and November 7, 1940 between the United States and Canada.
(2) Lake Superior regulated in accordance with the September
1955 Modified Rule of 19a9.
This is the Rule for regulating Lake Superior, which is currently used
by the International Lake Superior Board of Control.
(3). A constant diversion of 3,200 cubic feet per second out of
Lake Michigan at Chicago.
This is the maximum allowable diversion at Chicago by order of the U.S.
Supreme Court dated June 12, 1967.
(4) 1933 preproject outlet conditions for Lake Huron, i.e.,
conditions existing prior to the 25 and 27 foot dredging projects,
These are the conditions intended to be restored by the U.S. Government
in its January 1961 request to the Canadian Government for permission
to construct sills across the International Boundary in the St. Clair
River. In September 1962 the government of Canada gave its approval in
principle to the construction of the sills. It is therefore assumed
that in the event that regulation of Lakes Michigan-Huron does not prove
  
 feasible, action will be taken to restore Lake Huron outlet con
ditions
to those which existed prior to the 25 and 27 foot dredging projects.
(5) A constant diversion, by way of the Welland Canal, of 7000
cubic feet per second out of Lake Erie and into Lake Ontario.
This is the approximate diversion through the Welland Canal at the pr
esent
time.
(6) 1953 outlet conditions for Lake Erie.
In its 1953 report on Preservation and Enhancement of Niagara Falls,
the International Joint Commission stated it was essential that the
relationship existing at that time between the Niagara River flow and
the Chippawa-Grass Island Pool level be maintained following the
commencement of operation of the Chippawa—Grass Island Pool
Control
Structure and power diversions as permitted by the 1950 Niagara
Treaty.
(7) 1955 preproject outlet conditions for Lake Ontario.
These are the outlet conditions specified in the Commission
's Order of
Approval of July 2, 1956.
(8) In addition to the above condition of evaluation
for Lake
Ontario and the St. Lawrence River the Working Committee,
at its meeting on March 13, 1968, agreed that comparison
should also be made with the current regulation plan in
effect on that 1ake--Plan l958-D — as designed for the period
1900-1960 and as operated thereafter.
(9) All levels are to be referred to International Gre
at Lakes
Datum (IGLD) 1955.
The levels and outflows to be used as a basis of compa
rison for each
lake were obtained by routing through the system the c
oordinated net
basin supplies employing the constant conditions previously
listed.
For Lake Superior, the basis of comparison levels and ou
tflows were
obtained by routing through the lake the coordinated net basi
n supplies
(adjusted to a constant 5,000 cfs diversion into th
e lake by way of the
Long Lake and Ogoki diversions) in accordance with the prese
nt regulation
plan known as the September 1955 Modified Rule of 1
949.
Because of the nature of the control in the St.
Clair and Detroit
Rivers, the problem of routing supplies through Lak
es Michigan-Huron,
St. Clair and Erie was fairly complex. The St.
Clair River and Detroit
River flows are dependent not only on Lake Huron levels,
but also on the
water levels in the lower river. Therefore, a m
ethod of successive
approximations of supply routing as described in
the steps below was used:
(l) The month was first considered to be broken-up into very small periods
(the period used was one—fortieth of a month) because Lake St. Clair
levels are very sensitive to small changes in outflow. Therefore, the
data available on a monthly basis (net basin supplies to Lakes Michigan—Huron
and St. Clair) were considered to be made up of 40 equal parts, and
correspondingly, the data available on a quarter—monthly basis (net basin
supplies to Lake Erie) were considered to be made up of 10 equal parts.
(2) Net total supply to Lake Michigan-Huron was calculated as the routed
Lake Superior outflow plus the Lake Michigan-Huron net basin supply minus
a constant diversion of 3,200 cfs at Chicago.
(3) In the first approximation, the beginning-of—period stages were
considered equal to the average levels for the period.
(A) A first estimate of the Lake Huron outflow was made with the Harbor
Beach-Grosse Pte. two-gauge relationship for the 1933 regime:
Q = 73.515 (0.5 HB + 0.5 GP - 542.0102'O (HB - GP)O'5 — winter retardation.
(5) A first estimate of the Lake St. Clair total supply was made by
adding the Lake Michigan-Huron calculated outflow to the Lake St. Clair
net basin supply.
(6) A first estimate of the Lake St. Clair outflow was made from the Grosse
Pte.—Cleveland two—gauge relationship for the 1933 regime:
Q = 177.286 (GP — 548.49)2 (GP - C)O'5 - winter retardation.
(7) An initial estimate of the Lake Erie total supply was made by adding
the Lake St. Clair calculated outflow to the Lake Erie net basin supply.
(8) A first estimate of Lake Erie outflow was made from the Buffalo
single gauge relationship for the 1953 regime.
Q = 3665 (B — 556.25)l'5 + 7.000 (Welland) - winter or weed retardation.
(9) Having a first estimate of the total supply and outflow from each lake,
a first estimate was made of the change of storage, the end-of—period level,
and the mean level for the period.
(10) Steps (4-9) were repeated using first estimate mean levels in place
of beginning—of—period levels.
(11) The process was repeated as often as was required to stabilize the system.
(12) The required monthly and quarter-monthly data were extracted by
combining the calculated data for the shorter periods.
Having the Lake Erie outflows and Lake Ontario net basin supplies,
the net total supplies to Lake Ontario were calculated. Outflows and
levels for Lake Ontario for the 1955 preproject outlet condition were
B-9
  
 then calculated by a simple routing using the fo
llowing outflow equation
for Lake Ontario:
Q = 3430 (Oswego - 227.45)1'5 — winter retardation.
Oswego = Recorded Oswego Stage - 0.0055 (Year — 1903)
As noted in Condition (8) under Section 4 the Working Co
mmittee
directed that a comparison of levels and flows on Lak
e Ontario should also
be made with the regulation plan currently in effec
t on that lake. This was
accomplished by employing the developed rules of Plan
l958—D for the period
up to 20 April 1960 and applying the deviations from this
plan as they
actually occurred during the period after that data t
o June 1973. The same
net total supplies as used in the routing previo
usly described were used in
these computations.
For both sets of data, Lake Ontario outflows wer
e added to the recorded
differences between the Lake St. Louis and Lake Ontario o
utflows to obtain
Lake St. Louis outflows for comparison purposes. The
n, working with the
Lock 5 rating equation, the basis of comparison Lake
St. Louis levels were
calculated as:
SL =((Q + ice retardation)/5.6268)2/3 + 54.29
The basis for comparison are contained in Annex
C.
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Section 5
SUMMARY
The current studies of possible further regulation of the Great
Lakes have required the coordination of the net basin supplies and basis of
comparison levels and outflows for each of the lakes. These basic data are
employed directly in the regulation studies and serve a number of important
functions in the studies.
The basis of comparison data as presented in Annex C will provide
a somewhat better base condition than has been available in the past.
The major improvement in this set of data has been the elimination of
the effect of regime changes in the St. Clair and Detroit Rivers.
Most of the long term trends, for example, changes in diversions and
regulation procedures, have been removed from the data. Several other long
term trends such as increasing tributary regulation, changes in winter
retardation, and increasing consumptive use remain in the data. However,
it is assumed that these effects are small enough so as not to significantly
affect the regulation studies over the historical period.
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ANNEX A
RECORDED DATA
Superior Monthly Beginning—of-Period Levels
Michigan—Huron Monthly Beginning—of-Period Levels
St. Clair Monthly Beginning—of—Period Levels
Erie Quarter Monthly Beginning—of—Period Levels
Ontario Quarter Monthly Beginning-of-Period Levels
Superior Monthly Mean Outflow
Michigan—Huron Monthly Mean Outflow
St. Clair Monthly Mean Outflow
Erie Quarter Monthly Mean Outflow
Erie Monthly Mean Outflow
Ontario Quarter Monthly Mean Outflow
Ontario Monthly Mean Outflow
St. Louis Monthly Mean Outflow
Lake and Ogoki Diversions
Chicago Sanitary and Ship Canal (Including Illinois and
Michigan Canal)
Welland Canal
New York State Barge Canal
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ANNEX B
DERIVED DATA
B—l Lake Superior Monthly Mean Net Basin Supply B—98
B-2 Lake Michigan-Huron Monthly Mean Net Basin Supply 3—101
B-3 Lake St. Clair Monthly Mean Net Basin Supply 3—104
B~4 Lake Erie Quarter Monthly Mean Net Basin Supply B‘107
B—S Lake Erie Monthly Mean Net Basin Supply B-118
B-6 Lake Ontario Quarter Monthly Mean Net Basin Supply 3-121
B-7 Lake Ontario Monthly Mean Net Basin Supply B-l32
B-8 Winter Retardation of the Outflow from Lake Michigan—Huron B-l35
B—9 Winter Retardation of the Outflow from Lake St. Clair 3-138
B-lO Winter Retardation of the Outflow from Lake Ontario 3-141
B-ll Winter Retardation of the Outflow from Lake St. Louis 3‘144
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